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(57) ABSTRACT

The present invention relates to fosamprenavir calcium (la)
substantially free of isomer impurity, (3R) tetrahydro-3-fura-
nyl(1S,2R)-3-[[(4-aminophenyl)sulfonyl](isobutyl)amino]-
1-benzyl-2-(phosphonooxy)propyl carbamate (Ib), and its
process for preparation thereof. The present invention also
provides fosamprenavir calcium intermediate, (S)-3-tetrahy-
drofuranyl-N-succinimidyl carbonate (Ila) substantially free
of (R)-3-tetrahydrofuranylsuccinimidyl carbonate (IIb) and
its process for preparation thereof.
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1
PROCESS FOR PREPARATION OF
SUBSTANTIALLY PURE FOSAMPRENAVIR
CALCIUM AND ITS INTERMEDIATES

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application is a divisional application of U.S.
patent application Ser. No. 13/822,197, filed on Mar. 11,
2013, the entire contents of which are incorporated herein by
reference. U.S. patent application Ser. No. 13/822,197 is a
U.S. national stage application of International Application
No.PCT/IB2011/002045, filed on 5 Sep. 2011. Priority under
35 U.S.C. §119(a) and 35 U.S.C. §365(b) is claimed from
Indian Application No. 1006/KOL/2010, filed 10 Sep. 2010,
the disclosure of which is also incorporated herein by refer-
ence.

FIELD OF INVENTION

The present invention relates to fosamprenavir calcium (Ia)
substantially free of isomer impurity, (3R)tetrahydro-3-fura-
nyl(1S,2R)-3-[[(4-aminophenyl)sulfonyl](isobutyl)amino]-
1-benzyl-2-(phosphonooxy)propyl carbamate (Ib), and its
process for preparation thereof.

BACKGROUND OF THE INVENTION

Fosamprenavir calcium has HIV aspartyl protease inhibi-
tory activity and is particularly well suited for inhibiting

Scheme 1:
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HIV-1 and HIV-2 viruses; it is chemically known as calcium
(3S) tetrahydro-3-furanyl(1S,2R)-3-[[(4-aminophenyl)sul-
fonyl](isobutyl)amino]-1-benzyl-2-(phosphonooxy)propyl
carbamate and represented by formula Ia.
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There are very few references available in the literature for
preparation of fosamprenavir and its intermediates. U.S. Pat.
No. 5,585,397 provides process for preparation of fosam-
prenavir intermediate (IV), as depicted in scheme 1, wherein
it is purified using silica gel chromatography, however it does
not provide any purity data. Purification by column chroma-
tography is not suitable on commercial scale, since it is time
consuming, requires large volume of solvents and is very
much laborious.

Process for preparation of fosamprenavir intermediate (IV) as given in U.S. Pat. No. 5,585,397
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Another U.S. Pat. No. 6,281,367, provides process for scheme 2, but it does not provide any method for purification
preparation of fosamprenavir intermediate (IV) as depicted in of compound (IV).

Scheme 2:
Process for preparation of fosamprenavir intermediate (VI) as given in U.S. Pat. No. 6,281,367
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- The U.S. Pat. No. 6,514,953 provides process for prepara-
tion of fosamprenvair calcium (la) utilizing compound (IV),

45 asdepicted in Scheme 3, however it does not provide purity of

fosamprenavir calcium (Ia) or the intermediates thereof.

Scheme 3:
Process for preparation of fosamprenavir Calcium (Ia) as given in U.S. Pat. No. 6,514,953
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_ -continued _
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tion of fosamprenavir sodium salt (VII) from compound (IV)
as depicted in Scheme 4:

Another patent, U.S. Pat. No. 6,436,989, which is product
patent for fosamprenavir salts, provide process for prepara-

Scheme 4:

Process for preparation of fosamprenavir sodium (VII) as given in U.S. Pat. No. 6,436,989.
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U.S. Pat. No. 6,436,989 provides compound (V) and (VIA)
with an HPL.C purity of 90% and 92% respectively, however
purity of fosamprenavir sodium salt (VII) is not mentioned.
This patent provides fosmaprenavir salt intermediates with
very low HPLC purity.

The prior art literature describes synthesis of fosam-
prenavir calcium and its intermediates and like any synthetic
compound, fosmaprenavir calcium can contain number of
impurities from various source like starting material, reaction
by-products, degradation, isomeric impurities etc. The prior
art documents for fosamprenavir calcium does not provide
any information for the impurities that may have been formed
from the various synthetic processes provided therein.

Fosamprenavir calcium i.e. calcium (3S)tetrahydro-3-
furanyl(1S,2R)-3-[[ (4-aminophenyl) sulfonyl](isobutyl)
amino|-1-benzyl-2-(phosphonooxy )propyl carbamate (Ia), is
a chiral substrate containing three asymmetrical carbon cen-
tre resulting into eight stereoisomers.

Different isomers of a chiral drug molecule bind differently
to target receptors, one isomer of a drug may have a desired
beneficial effect while the other may cause serious and undes-
ired side effects or sometimes even beneficial but entirely
different effects, hence in the drug molecules the effective
isomer is preferred in pure form, free of other undesired
isomers, thus fosamprenavir calcium free of'its other stereoi-
somer would always be preferred.

The methods described above for preparation of fosam-
prenavir does not describe suitable methods to minimize for-
mation of R-isomer impurity (Ib)
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One of'the approach to minimize R-isomer impurity (Ib) is
to use highly pure intermediate (S)-3-tetrahydrofuranyl-N-
succinimidyl carbonate (Ila), in the synthesis of fosam-
prenavir.

U.S. Pat.No. 5,585,397 provides process for preparation of
N-succinimidlyl-(S)-3-tetrahydrofuryl carbonate (I1a), how-
ever it does not provide any method for purification neither
does it provide any purity data for the same.

The PCT application WO 94/18192 provides process for
preparation (S)-3-tetrahydrofuranyl-N-succinimidyl carbon-
ate (Ila) as depicted in scheme 5. The application discloses
recrystallization of compound (Ila) from EtOAc/hexane. At
our hands, crystallization of compound (Ila) from ethyl
acetate/hexane provided compound (I1a) containing the inter-
mediate R-isomer impurity compound (IIb) up to 0.37% area
percentage of HPLC, which is not suitable for its use in the
synthesis of fosamprenavir substantially free of R-isomer
impurity (Ib).



US 9,127,029 B2

Scheme 5:
process for preparation of (S)-3-tetrahydrofuranyl-N-succinimidy!
carbonate
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Commercially available (S)-3-tetrahydrofuranol (VIlla)
contains up to 5% area percentage of HPL.C of (R)-3-tetrahy-
drofuranyl (VIIIb), which on reaction with N,N-disuccinim-
idyl carbonate (IX) results in (S)-3-tetrahydro furanyl-N-suc-
cinimidyl carbonate (Ila) containing up to 2.5% area
percentage of HPLC of the R-isomer impurity, (R)-3-tetrahy-
drofuranyl-N-succinimidyl carbonate (IIb). This impure (S)-
3-tetrahydrofuranyl-N-succinimidyl carbonate (Ila) when
converted to fosamprenavir calcium (Ia) by series of reaction,
results into fosamprenavir calcium containing up to 2.0%
area percentage of HPLC of (3R)tetrahydro-3-furanyl(1S,
2R)-3-[[(4-aminophenyl)sulfonyl](isobutyl)amino]-1-ben-
zyl-2-(phosphonooxy)propyl carbamate (Ib), which is undes-
ired isomer of fosamprenavir calcium.

Impurities of any form are undesirable in the active phar-
maceutical product since it may have adverse effect on the
patient to be treated.

The purity of API produced is clearly a necessary condition
for commercialization. The impurities produced in the manu-
facturing process must be limited to very small amount and
are preferred to be substantially absent. The ICH Q7A guid-
ance for API manufacturers requires that process impurities
must be maintained below set limits utilizing various param-
eters. In the United States the Food and Drug Administration
guidelines, would mostly limit the amount of impurities
present in the API, similarly in other countries the impurity
levels would be defined in their respective pharmacopoeias.

Fosamprenavir calcium is not a pharmacopeial product at
present and the guidelines for the amount of impurities is not
provided, however substantially pure fosamprenavir calcium
would always be preferred. The objective to the present inven-
tion is directed to the same.

SUMMARY OF THE INVENTION

The present invention provides process for preparation of
fosamprenavir calcium (la) substantially free of R-isomer
impurity (Ib) comprising:

a) analyzing the level of intermediate R-isomer impurity (ITb)
in a sample of (S)-3-tetrahydrofuranyl-N-succinimidyl
carbonate (I1a);

b) selecting a sample of (S)-3-tetrahydro furanyl-N-succin-
imidy!l carbonate (IIa) containing less than 0.2% area per-
centage of HPLC of intermediate R-isomer impurity (IIb);
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10
c¢) reacting said (S)-3-tetrahydro furanyl-N-succinimidyl car-
bonate (IIa) with (2R,3S)—N-(3-amino-2-hydroxy-4-phe-
nylbutyl)-N-isobutyl-4-nitrobenzene sulphonamide (III)
to obtain (3S)-tetrahydro-3-furanyl N-[(1S,2R)-1-benzyl-
2-hydroxy-3-(N-isobutyl-4-nitrobenzene sulphonamido)
propyl|carbamate (IV); and

d) conversion of compound (IV) to fosamprenavir calcium

(Ia).

The present invention also provides fosamprenavir cal-
cium intermediate, (S)-3-tetrahydrofuranyl-N-succinimidyl
carbonate (Ila) substantially free of (R)-3-tetrahydrofuranyl-
succinimidyl carbonate (IIb) and its process for preparation
thereof.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides fosamprenavir calcium
substantially free of (3R )tetrahydro-3-furanyl(1S,2R)-3-[[ (4-
aminophenyl)sulfonyl](isobutyl)amino]-1-benzyl-2-
(phosphonooxy)propyl carbamate (Ib). Compound (Ib) is
referred as “R-isomer impurity” herein.

Fosamprenavir calcium (Ia) substantially free of R-isomer
impurity (Ib) refers to compound (Ia) with less than 0.2%,
preferably less than 0.15%, more preferably less than 0.1%,
area percentage of HPLC of R-isomer impurity.

Another embodiment of the present invention provides
process for preparation of fosamprenavir calcium (Ia) sub-
stantially free of R-isomer impurity (Ib) comprising:

a) analyzing the level of intermediate R-isomer impurity (ITb)
in a sample of (S)-3-tetrahydrofuranyl-N-succinimidyl
carbonate (Ila);

b) selecting a sample of (S)-3-tetrahydro furanyl-N-succin-
imidyl carbonate (I1a) containing less than 0.2% area per-
centage of HPLC of intermediate R-isomer impurity (IIb);

c¢) reacting said (S)-3-tetrahydro furanyl-N-succinimidyl car-
bonate (IIa) with (2R,3S)—N-(3-amino-2-hydroxy-4-phe-
nylbutyl)-N-isobutyl-4-nitrobenzene sulphonamide (III)
to obtain (3S)-tetrahydro-3-furanyl N-[(1S,2R)-1-benzyl-
2-hydroxy-3-(N-isobutyl-4-nitrobenzene sulphonamido)
propyl|carbamate (IV); and

d) conversion of compound (IV) to fosamprenavir calcium

(Ia).

In yet another embodiment the present invention provides
fosamprenavir calcium intermediate, (S)-3-tetrahydro fura-
nyl-N-succinimidyl carbonate (I1a), substantially free of (R)-
3-tetrahydrofuranylsuccinimidyl carbonate (IIb).

(8)-3-tetrahydrofuranyl-N-succinimidyl carbonate (Ila) is
prepared from commercially available (S)-3-tetrahydrofura-
nol, by the methods known in art, such as WO 94/18192 and
subjected to purification.

The present invention also provides process for preparation
of'intermediate, (S)-3-tetrahydrofuranyl-N-succinimidyl car-
bonate (Ila), substantially free of (R)-3-tetrahydrofuranyl-
succinimidyl carbonate (IIb). Compound (IIb) is referred to
as “intermediate R-isomer impurity” herein.

The term “substantially free” (S)-3-tetrahydrofuranyl-N-
succinimidyl carbonate (Ila) refers to compound (Ila) with
less than 0.2%, preferably less than 0.15%, more preferably
less than 0.1%, area percentage of HPLC of intermediate
R-isomer impurity.
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The process for preparation of fosamprenavir calcium (Ia)
of present invention is as depicted in scheme 5.

Scheme 5:

Process for preparation of fosamprenavir calcium (Ia) of the present invention.
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In the present invention, substantially pure (S)-3-tetrahy-
drofuranyl-N-succinimidyl carbonate (Ila) reacts with (2R,
3S)—N-(3-amino-2-hydroxy-4-phenylbutyl)-N-isobutyl-4-
nitrobenzene sulphonamide (II1) to synthesize fosamprenavir
calcium (Ia) substantially free of R-isomer impurity.

Samples of (S)-3-tetrahydrofuranyl-N-succinimidyl car-
bonate (Ila) were analyzed by HPLC to determine the content
of intermediate R-isomer impurity (IIb) and samples of com-
pound (Ila) containing intermediate R-isomer impurity less
than 0.2% were selected for further reaction.

The said samples of (S)-3-tetrahydrofuranyl-N-succinim-
idyl carbonate (IIa) containing intermediate R-isomer less
than 0.2% were used for reaction with (2R,3S)—N-(3-amino-
2-hydroxy-4-phenylbutyl)-N-isobutyl-4-nitrobenzene  sul-
phonamide (I1I) to give compound (3S)-tetrahydro-3-furanyl
N-[(1S,2R)-1-benzyl-2-hydroxy-3-(N-isobutyl-4-nitroben-
zene sulphonamido)propyl|carbamate (IV), which is con-
verted to fosamprenavir calcium substantially free of R-iso-
mer impurity.

The crystalline fosamprenavir calcium is then converted to
amorphous fosamprenavir calcium by methods described in
our earlier patent application, 277/KOL/2010 dated Mar. 18,
2010, filed at the Indian Patent Office.

Process for preparation of (S)-3-tetrahydrofuranyl-N-suc-
cinimidyl carbonate (Ila) substantially free of (R)-3-tetrahy-
drofuranylsuccinimidyl carbonate (IIb) comprises isolating
(8)-3-tetrahydrofuranyl-N-succinimidyl carbonate (I1a) from
an organic solvent selected from alcohol such as methanol,
ethanol, isopropanol, tert-butyl alcohol and mixtures thereof,
preferably isopropanol.

Crystallization can be carried out in an alcohol, wherein a
mixture of (S)-3-tetrahydrofuranyl-N-succinimidyl carbon-
ate (IIa) and alcohol are heated to reflux and further cooled to
ambient temperature. The process wherein ambient tempera-
ture is referred to as 20-30° C.

In the present invention, manufacture of compound of for-
mula (Ila) and fosmaprenavir calcium (Ia) has the following
advantages:
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NH,

a. Provides fosmaprenavir calcium (Ia) substantially free of
its R-isomeric impurity (Ib);
b. It is simple and does not involve tedious and laborious
techniques like column chromatography;
c. Process is easy to operate on plant scale.
The present invention is further illustrated by the following
representative examples and does not limit the scope of the

invention.
EXAMPLES
Details of HPLC methods for analysis are provided below:
(S)-3-tetrahydrofuranyl- Fosamprenavir
Variables N-succinimidyl carbonate  calcium
Column: Chiral Pak-IA Chiral Pak-AD-H
(4.6 x 250 mm) (4.6 x 250 mm)
5 um or similar 5 um or similar
Detector: UV detector at 210 nm UV detector at 265 nm

Column temp.:
Buffer:
Mobile phase:

Sample
preparation:

Ambient

Not applicable
Homogeneous mixture of
Ethanol, Isopropyl

alcohol and Trifluoro
acetic acid (55:45:0.1)
Mixture of tetrahydrofuran,
ethanol, isopropyl alcohol
and trifluoro acetic acid

Ambient

Not applicable
Homogeneous mixture of
n-Heptane n-Butanol,
n-propanol and Trifluoro
acetic acid (80:18:02:0.3)
mixture of methanol, n-
Heptane n-Butanol,
n-propanol and Trifluoro

(7.5 mg/ml) acetic acid (1 mg/ml)
Injection volume: 20 pl 20 ul
Mode of elution:  Isocratic Isocratic
Flow: 0.5 ml/min 0.8 ml/min
Run time: 35 mins 40 mins
Example 1

(S)-3-tetrahydrofuranyl-N-succinimidyl carbonate

ay

Mixture of 800 g (3.11 mol) N,N-disuccinimidyl carbonate
(IX), 200 g (2.27 mol) (S)-3-hydroxy tetrahydrofuran (VIII)
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and 17036 g (2.1 mol) pyridine in 1200 ml of dichlo-
romethane was stirred at reflux temperature for 4-5 hours.
The reaction mass was filtered and the filtrate was washed
with water and concentrated. To the concentrate was added
1600 ml isopropanol and stirred at 70-72° C., the reaction
mass cooled, filtered, washed with isopropanol. To the wet
solid was added 2888 ml isopropanol, and stirred at 70-72°
C., the reaction mass cooled, filtered, washed with isopro-
panol and solid was dried. Yield: 311 g (60%); HPLC purity:
compound (Ila): 99.92%; intermediate R-isomer impurity
(IIb): 0.08%.

Example 2
Preparation of Pure Fosamprenavir Calcium (I)

Mixture of 100 g (0.23 mol) (2R,3S)—N-(3-amino-2-hy-
droxy-4-phenylbutyl)-N-isobutyl-4-nitrobenzene sulphona-
mide (II1), 65 g (0.28 mol) (S)-3-tetrahydrofuranyl-N-succin-
imidyl carbonate (Ila) (of Example 1) and 24 g (0.23)
triethylamine in 800 ml dichloromethane was stirred at ambi-
ent temperature for 4 hours, extracted with 10% sodium bicar-
bonate solution. The organic layer was separated, washed
with water and concentrated. To the concentrated mass was
added 1000 ml methanol and heated to 60-65°, cooled to 25°
C. and solid was filtered, washed with methanol and dried.

Mixture of 100 g (0.186 mol) (3S)-tetrahydro-3-furyl
N-[(1S,2R)-1-benzyl-2-hydroxy-3-(N-isobutyl-4-nitroben-
zene sulphonamido)propyl|carbamate (IV) and 200 ml pyri-
dine was cooled to 0-10° C. and 70.0 g (0.456 mol) of POCl,
was added and stirred at ambient temperature for 4 hours, 400
ml methyl isobutyl ketone was added, cooled and 1:1 conc.
HCl-water was added. Mixture was heated to 50° C. for 1
hour, cooled to 25-30° C. Organic layer was separated,
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washed with water and partially concentrated; 500 ml water
and 31.5 g sodium bicarbonate was added and stirred. The
organic layer was separated and 100 ml ethylacetate, 400 ml
methanol and 5.0 g Pd/C was added. The reaction mass was
stirred under hydrogen pressure for 4 hours at 30° C. The
mixture was filtered, catalyst washed with methanol. The
filtrate was heated to 50° C. and 33.0 g (0.186 mol) calcium
acetate monohydrate in 100 ml water was added and stirred
for 30 minutes. Cooled to 30° C. and stirred. Solid was fil-
tered, washed with 1:1 mixture of methanol-water and dried
to obtain crude fosamprenavir calcium.

65 g(0.104 mol) crude fosamprenavir calcium and 1170 ml
denatured ethanol was heated to 70-72° C., charcaolized.
Water (138 ml) was added and mixture stirred for 30 minutes.
Cooled to ambient temperature and stirred. Solid filtered,
washed with 1:1 ethanol-water and dried. Methanol (315 ml)
was added to the solid, stirred and filtered. The filtrate was
concentrated under vacuum to obtain solid, which was dried
to obtain 37.5 g pure fosamprenavir calcium. HPLC purity:
fosamprenavir calcium (Ia): 99.85%; R-isomer impurity (Ib):
0.05%:; all other individual impurities less than 0.1%.

The invention claimed is:

1. Fosamprenavir calcium (la) substantially free of R-iso-
mer impurity (Ib).

2. Fosamprenavir calcium (Ia) according to claim 1,
wherein R-isomer impurity (Ib) content is less than 0.2% area
percentage of HPLC.

3. Fosamprenavir calcium (Ia) according to claim 1,
wherein R-isomer impurity (Ib) content is preferably less
than 0.15% area percentage of HPLC.

4. Fosamprenavir calcium (Ia) according to claim 1,
wherein R-isomer impurity (Ib) content is more preferably
less than 0.1% area percentage of HPLC.
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